Purpose: Weight loss after breast cancer diagnosis has been associated with a decrease in risk of breast cancer recurrence and mortality. The purpose of this study is to examine the barriers, acceptance, and sustainability of an exercise intervention program offered at our institution to overweight women with newly diagnosed breast cancer. Methods: The Breast Cancer Database was queried for women newly diagnosed with breast cancer and a body mass index (BMI) ≥ 25 kg/m 2 . Eligible patients participated in the Moving for Life (MFL) exercise program for 16 sessions. Questionnaires were administered. Statistical analyses included descriptives and paired t-tests to summarize patient characteristics and assess changes over time. Results: Of 40 patients, 22 declined, 18 consented and 13 (72%) completed the study. The mean age was 61 years (range: 38 -76). The mean BMI was 31 kg/m 2 . After the intervention, there was a decrease in weight and BMI (p = 0.04). The average weight loss was 10 lbs. Participants reported greater enjoyment of exercise (p = 0.02) and decreased pain related to treatment (p = 0.05). These initial positive results were not maintained after 6 months and 1 year. Conclusions: The MFL intervention had a high rate of acceptance among overweight women newly diagnosed with breast cancer. These results demonstrated significant benefits of exercise immediately after cancer diagnosis and highlight the importance of developing sustainable lifestyle interventions. Interventions targeted at modifiable lifestyle factors in women with early stage disease may provide benefit that is comparable to certain adjuvant systemic therapies. Therefore, adjuvant lifestyle interventions supported by clinicians may improve breast cancer survival outcomes.
Introduction
Maintaining an ideal weight, defined as body mass index (BMI) 18.5 -24.9 kg/m 2 , after breast cancer diagnosis has been associated with improved survival outcomes, including decreased breast cancer recurrence and increased quality of life [1] - [7] . Physical activity is particularly important for obese women, who have an estimated 33% increased risk of overall death and breast cancer-specific death, compared with non-obese women [8] . Interventions targeted at modifiable lifestyle factors in women with early stage disease may provide benefit that is comparable to certain adjuvant systemic therapies [9] . As a result, adjuvant lifestyle interventions may improve breast cancer survival outcomes in obese populations, and provide other health benefits as well.
Recent studies have shown that women who are physically active after breast cancer diagnosis have a 26% -40% lower risk of breast cancer recurrence, breast cancer death, and overall death, compared with sedentary individuals [6] [10] [11] . Although more studies are needed to confirm the findings, randomized control trials have suggested exercise may improve survival outcomes through beneficial changes in circulating levels of insulin, insulin-related pathways, inflammation, and possibly, immunity [11] - [13] . Additionally, exercise after diagnosis can lead to improvements in quality of life, fatigue, and body image [9] .
In 2010, the American College of Sports Medicine established exercise guidelines for cancer survivors by reviewing the current evidence on safety and efficacy of exercise training during and after adjuvant cancer therapy. The committee determined that exercise programs specific for women diagnosed with breast cancer were safe during and after chemotherapy and radiotherapy [14] . With an increasing number of breast cancer survivors, groups at particularly high-risk of adverse survival outcomes, including overweight and obese women, are likely to achieve the greatest benefit from a lifestyle intervention, such as exercise.
There are many challenges to implementing weight loss interventions after cancer diagnosis. Weight loss programs are inherently difficult to implement and involve additional considerations in populations of cancer survivors. Side effects of cancer-related treatments, lack of social support, feelings of low self-efficacy, and other barriers can hinder the participation of newly-diagnosed cancer patients in weight loss programs [15] - [17] . Exercise programs are inherently difficult to maintain even in populations not facing additional challenges posed to women undergoing cancer treatment. The National Center for Health Statistics published a report in 2012 stating that only 21% of all Americans engaged in adequate leisure-time aerobic and muscle-strengthening activities [18] . Cancer patients are more likely to exercise less as a result of adverse effects of the disease and treatment, such as treatment-related side effects, lack of social support and feelings of low self-efficacy [15] [16] . Among patients who participate in lifestyle interventions after diagnosis, poor adherence can limit the success of the intervention on improving survival outcomes, especially among overweight and obese individuals.
Few studies have examined challenges to implementing weight loss interventions, specifically in breast cancer populations [16] [19] . However, a prospective study of 196 breast cancer survivors in Taiwan examined the motivations for exercise frequency after a 6-month intervention. The results suggested that mental health, exercise barriers, and exercise outcome expectancy significantly contributed to differences in exercise frequency over this 6-month period. Additionally, baseline exercise frequency was the best predictor of overall exercise frequency during the study [19] . However, a major limitation of this study was the observational design, in which subjects were allowed to self-select their preferred exercise activity. Only regular exercise has been shown to yield long-term benefits for cancer survivors, but the motivation factors for maintaining healthy lifestyle changes after cancer diagnosis remain unclear. The purpose of this pilot study was to examine the barriers, acceptance, and sustainability of a lifestyle intervention among overweight women with newly diagnosed breast cancer.
Materials and Methods

Study Population
The Breast Cancer Database (BCD) at The New York University Langone Medical Center (NYULMC) is a prospective database that was established in January 2010 and includes all individuals undergoing newly diagnosed definitive breast cancer surgery. This database collects information regarding demographics, risk factors (personal and family history), treatment information, medical history, lifestyle factors and other information. Patients were eligible for this study if they enrolled in the BCD between December 2011 and July 2012 and had a BMI ≥ 25 kg/m 2 . All patients were within one year of definitive breast cancer diagnosis and surgical treatment.
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This study did not include women who could not exercise due to health related issues, who were pregnant, or who were ≥80 years of age. This study was approved by the Institutional Review Board (IRB) of NYULMC.
Study Design
Eligible patients who consented to the study participated in a 90-minute exercise program that ran biweekly for eight weeks beginning in October 2012. This study incorporated the Moving for Life TM /Moving on Dance Exercise for Cancer Recovery © , a unique exercise program for breast cancer patients. Its goal is to introduce a safe and effective workout through dance exercise. What distinguishes the Moving for Life (MFL) program from other exercise programs is that it fosters group interaction and diverse personal expression, while also meeting fitness and health goals. This program has a 12-year track record at several New York hospitals and cancer centers for meeting breast cancer recovery and survivorship criteria as well as psychosocial parameters for being supportive and uplifting. The 90-minute exercise intervention sessions were led by the MFL founder and instructors formally trained by the MFL program. They were held in Moving Body Resources, an exercise studio located in New York City.
The Breast Cancer Database was queried for women newly diagnosed with breast cancer and a BMI ≥ 25 kg/m 2 . Eligible patients were consented and asked to fill out validated questionnaires [20] - [22] that employed a five-point Likert-type scale, with responses ranging from zero (not at all) to 4 (very much). These questionnaires were administered at the beginning of the MFL exercise program, at the end of the 16 sessions, and at 6-months and 1-year follow-up periods after program completion. Patients who chose not to participate in the exercise program intervention were asked to fill out a questionnaire to capture information on the barriers and reasons for declining study participation (Figure 1) .
At the end of the study intervention, an educational cooking session was provided to participants by Cook for Your LIFE, a nonprofit organization that educates people affected by cancer in nutrition and cooking techniques to improve their health. Study participants were also given a copy of a nutritional cookbook, recipes for healthy eating, and a schedule of free MFL classes offered in the New York metropolitan area. Data were collected and analyzed between October 2012 and December 2013.
Outcomes
Primary outcomes measured in this study were rate of enrollment, acceptance rate, and changes in weight and BMI among study participants. Secondary outcomes measured included changes in exercise enjoyment, strength, swelling, range of motion, stress, pain related to treatment, anxiety, depression, lack of exercise partners, and exercise barriers.
Statistical Analyses
Descriptive statistics were used to summarize patient characteristics and determine the rate of acceptance. Paired t-tests were used to determine if there were any significant differences in exercise attitudes and barriers to exercise sustainability before and after the intervention, and at the 6-month follow-up. Variables of interest included: age, weight, BMI, tumor characteristics, exercise enjoyment, strength, swelling, range of motion, stress, pain related to treatment, anxiety, depression, exercise partners and exercise barriers. All analyses were performed using SAS software (version 9.3, SAS Institute Inc.).
Results and Discussion
Results
During the study period, there were a total of 40 women who were eligible to participate in this study. A total of 22 (55%) women declined to participate due to location, transportation limitations, and conflicts in schedule. 13 (72%) out of the 18 women who consented to the MFL lifestyle intervention program completed the study. The mean age was 61 years (range: 38 -76) and the mean baseline BMI was 31 kg/m 2 (range: 25 -42). The majority of the women were Caucasian (72%), had invasive ductal carcinoma (77%), early stage breast cancer (67%), and were estrogen receptor (ER) positive (67%), progesterone receptor (PR) positive (56%), and Her2-neu negative (83%) ( Table 1) .
At the end of 8-weeks, there was a significant decrease in weight and BMI (p = 0.04) ( Table 2 ). The average weight loss was 10 lbs. Participants also reported a greater enjoyment of exercise (p = 0.02), as well as a decrease in pain related to treatment (p = 0.05) ( Table 2) . Positive changes were seen in other variables assessed as well. Increased strength, decreased swelling, decreased stress, and decreased depression were observed when overall averages were calculated, but these outcomes did not achieve statistical significance.
At the 6-month assessment period following the completion of the study, 10 out of the 13 participants completed follow-up questionnaires. There was an overall weight gain (average 3 lbs) and increase in BMI between the completion of the exercise program and the 6-month assessment period ( Table 2) . However, these results were not statistically significant. A decrease in strength and an increase in swelling, stress, pain related to treatment, anxiety, and depression were documented when comparing the overall averages of these results from the time of study completion to the 6-month follow-up assessment. These results were not statistically significant.
At the 1-year assessment period, 12 out of the 13 participants completed follow-up questionnaires. There was still a modest decrease in weight (average 2 lbs) and BMI between the completion of the exercise program and the 1-year follow-up period ( Table 2) . When the overall averages of these results were compared from the time of study completion to the annual follow-up, a decrease in strength, swelling, range of motion, pain related to treatment and a slight increase in depression were documented. However, these results did not achieve statistical significance.
At both 6 months and 1-year follow up assessments, the average reported scores describing exercise enjoyment and pain related to treatment remained the same when compared to the average scores recorded at the end of the MFL exercise program. When these variables were evaluated, the results were not statistically significant ( Table 2 ).
Discussion
The overall goal of this study was to examine the barriers, acceptance and sustainability of an exercise intervention among overweight women newly diagnosed with breast cancer. In the short-term, the exercise intervention was successful in achieving moderate weight loss and overall positive health outcomes in the study population. While these positive results observed between baseline and intervention completion were not sustained over time, they provide important lessons for developing future exercise intervention initiatives. This study also raises the importance of developing programs that encourage sustainable lifestyle changes over time and improving health outcomes among breast cancer survivors in the near future. In this cohort of overweight breast cancer patients, there was a high rate of intervention acceptance and completion. Compliance during the study period can be attributed to a variety of factors. Most importantly, the MFL program provided a means of enjoyable exercise while also decreasing pain relating to disease treatment. It also provided psychological support to study participants by connecting them with exercise partners and other women going through similar experiences with regards to disease diagnosis and management. Additionally, program compliance led to self-reported feelings of improved well-being and empowerment among study participants. For these reasons, the lifestyle intervention was successful in positively impacting the health of study participants during the study intervention.
Overall, this exercise intervention successfully demonstrated a short-term positive health impact on a cohort of overweight women newly diagnosed with breast cancer. Immediately following the end of the MFL intervention period, the study demonstrated a statistically significant decrease in weight and BMI, with an average weight loss of 10 lbs. However, we were limited in our ability to quantify the impact of additional contributing factors to these results, such as changes in diet and psychological support obtained during the exercise intervention. The results of the study also revealed greater enjoyment of exercise and a decrease in treatment-related pain among study participants, which may impact long-term lifestyle changes. The exercise intervention was successful in achieving positive results during the 8-week study period, but these results were not sustainable over time. 
Range of Motion
Lack of Exercise Partner(s) The 6-month and 1-year follow-ups assessed secondary endpoints, including exercise frequency and attitudes about exercise, and examined changes in and sustainability of behaviors and attitudes over time. In general, the study results demonstrated a modest weight loss, which was maintained throughout the year since the MFL program completion. However, individual results were highly variable and we cannot account for any weight loss due to a change in diet or psychological support obtained after the exercise intervention. Data collected 6-months and 1-year following intervention completion indicated that significant positive changes were not sustainable over time for reasons including lack of exercise partners and inconvenient class location and schedule.
The desire to lose weight among study participants was sustained over time. In both the 6-month and 1-year follow-up questionnaires, study participants described current behaviors that included searching for available MFL classes and using smartphone applications and websites recommended during the intervention as weightloss aids. In addition, every study participant stated during follow-up that they would participate in an MFL exercise program if the program was offered at the NYULMC Cancer Center. However, this desire did not translate into a statistically significant weight loss. Nonetheless, follow-up assessment showed that encouragement given during the intervention to participants to sustain healthy exercise behaviors did have a lasting effect.
The study population did not continue exercising regularly with MFL programs offered in New York following study completion for reasons such as inconvenient class schedule and location, concurrent treatment side effects, and lack of exercise partners. These results demonstrate the need for an exercise program that is facilitated by a trained instructor and implemented regularly at a facility that is conveniently located and accessible to the patient population. In the future, our personal goal is to provide this exercise intervention program for breast cancer patients at the NYULMC Cancer Center.
It is important to note limitations to this study such as a small sample size, program location, scheduling conflicts, transportation, and Hurricane Sandy. Our ability to achieve statistically significant results at the 6-month and 1-year assessment periods was limited by the small sample size of study participants. The limitation of enrolling patients from one institution also contributed to the small study population, as many eligible patients could not participate in the exercise program due to location, transportation limitations, and conflicts in schedule. During the sixth week of the study intervention, New York City was severely affected by Hurricane Sandy. As a result, the average rate of attendance dropped from 80% to 50%. Majority of the study participants reported power outages, lack of heat and water, and transportation difficulties. Hurricane Sandy and the impact it had on New York City and study participants affected program sustainability.
We acknowledge the importance of other lifestyle interventions, including diet, smoking, and alcohol con-sumption. However, for the purpose of this study, we focused on exercise, which has been shown to be the most effective intervention for weight loss and breast cancer risk reduction [5] [6] . In addition to physical activity, studies have shown that proper nutrition and a low-fat diet can contribute to weight loss and improved survival outcomes in breast cancer patients [9] . Although the study did not involve more extensive nutritional counseling, we tried to address this limitation by incorporating an educational cooking class and cookbook at the end of the exercise intervention. At the 6-month and 1-year follow-up, study participants reported increased awareness of dietary modifications and use of nutritional and dietary smartphone apps. In the future, additional research should address some of the limitations of this study by evaluating the impact and sustainability of a more comprehensive lifestyle intervention program that incorporates both exercise and nutrition in a larger multi-institutional population.
Conclusion
This pilot study highlights the barriers, acceptance, and sustainability of a lifestyle intervention program offered by our institution, targeting exercise behaviors in overweight women who are newly diagnosed with breast cancer. The results from this study demonstrate the feasibility and short-term benefits of an exercise intervention supported by clinicians and the importance of developing sustainable lifestyle changes over time. The impact of lifestyle intervention programs has been proven to rival that of adjuvant therapies in early breast cancers without the adverse side effects. Additionally, lifestyle interventions offer unique opportunities for patient self-efficacy. Therefore, implementing an exercise program that is institutionally supported is a critical need in improving the health outcomes and survivorship of overweight women who are newly diagnosed with breast cancer. In order to achieve sustainable positive health outcomes, these exercise programs need to be enjoyable and accessible to all patients in a convenient location throughout the year.
